Covalent immobilization of epidermal growth factor molecules for single-molecule imaging analysis of intracellular signaling.
We have developed cell stimulative system by covalently immobilized signalling molecules on the surface of coverslips on which cells are later cultured. N-(6-maleimidocaproyloxy)sulfo-succinimide (sulfo-EMCS) cross-links the amino-terminal of epidermal growth factors (EGF) with the thiol-modified glass surface without degrading EGF's physiological activity. The glass surface was covered up to about 1.0 EGF moleculesnm(-2) with uniform density. This density can be controlled by changing concentration of the maleimide-modified EGF in the solution reacting with the thiol-modified glass coverslips. When the density of EGF was only slightly lower than that of EGF receptor dimers, cellular response was dramatically decreased. The EGF receptor molecules bound with the immobilized EGF were prevented from lateral diffusion and internalization and kept their initial position. These properties are useful for quantitative, spatial and temporal control of the input signal stimulating cells in cellular signaling system studies. In addition, the immobility of the EGF in this system makes suitable targets for stable single-molecule observation under total internal reflection fluorescence microscopy (TIR-FM) to study EGF signalling mechanism, preventing lateral diffusion and internalization of EGF receptors. Here we show results of single-molecule observations of the association and dissociation between phosphorylated EGF receptors and Cy3-labeled growth factor receptor-binding protein 2 (Grb2) proteins in A431 cells stimulated by the immobilized EGF and discuss the utility of this method for the study of intracellular signal transduction.